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(54) Novel ester compounds, polymers, resist compositions and patterning process 



(57) A novel ester compound having an exo-form 
2-alkylbicyclo[2.2.1]heptan-2-yl group as the protective 
group is provided as well as a polymer comprising units 



of the ester compound. The polymer is used as a base 
resin to formulate a resist composition having a higher 
sensitivity, resolution and etching resistance than con- 
ventional resist compositions. 
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[0008] in a first aspect, the invention provides an ester compound of the following general formula (1 ): 
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wherein R 1 is hydrogen, methyl or CH 2 C0 2 R 14 ; R 2 is hydrogen, methyl or C0 2 R 14 ; R 3 is a straight, branched or cyclic 
alkyl group of 1 to 8 carbon atoms or a substituted or unsubstituted aryl group of 6 to 20 carbon atoms; R 4 to R 13 each 
are hydrogen or a monovalent hydrocarbon group of 1 to 15 carbon atoms which may contain a hetero atom and R 4 
to R 13 , taken together, may form a ring, and when they form a ring, they represent divalent hydrocarbon groups of 1 
to 1 5 carbon atoms which may contain a hetero atom, or two of R 4 to R 13 which are attached to adjacent carbon atoms 
may directly bond together to form a double bond; and R 14 is a straight, branched or cyclic alkyl of 1 to 15 carbon 
atoms. The formula also represents an enantiomer. 

[0009] In a second aspect, the invention provides a polymer comprising units of an ester compound of the following 
general formula (1a) and having a weight average molecular weight of 1,000 to 500,000. 



Ft 2 R 1 



C=0c /_R" 



(la) 



R 3 ] YR ! 
R 5 R 7 



R 1 to R 13 are as defined above. The formula also represents an enantiomer. 
40 [0010] The polymer may further comprise other recurring units preferably of at least one of the following formulae 
(2a) to (1 3a): 
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to 15 carbon atoms containing a cSbawl or hS£S ? represents a monovalent hydrocarbon group of 1 

hydrogen or a straight, bS«2 a J q Z oH to J? t remaininQ ° f 10 R " ^ndent^represen 
a ring with the proviso that at ^^W^^^TSS^" t t0 ^ ™ y f ° rm 

containing a carboxyl or hydroxyl group, and the remS of R'6 1 Tn 5 °' 1 1 ° 1 5 Carbon atoms 

- or cyclic alkylene group of 1 to M carton atoms ^ is a moI^.T! r6preSenl 3 Strai 9 ht ' branched 

containing a -C0 2 - partial structure; at leasttnTof %> rCS W™*™ V*V °< 3 to 15 carbon atoms 
carbon atoms containing a -C0 2 - partial structure and Z TJ, mon ° valent "V^ocarbon group of 2 to 15 

or a straight,*^ 

with the proviso that at least one of R2i to H* r Jro«nV« ! ^ R ' taken t0 9 eth er, may form a ring 

containing a -CO r partia, struct" e and « e oTr* Z»1T"TT *"* * 1 * 15 Carbon at °™ 

cyclic alkylene group o, , to 15 carbon atom T^Z a nl^cZ^^ branChed or 

alkyl group containing a polycyclic hydrocarbon group • fSSKS^S^S J h° 1 5 at ° mS ° r an 

straight, branched or cyclic alkyl group of 1 to 8 carbon atom kt f I P> * ' S hydr ° gen 0r meth y |: R28 is a 
3, satisfying x + y + z < 5 and 1 /y« at ° mS ' * ' S SqUal l ° 0 or 1 ' and *■ V and z are inlegers of 0 to 

(1) and another compound having a SSSSSSS Jonr" 2 *' 0 " ^ " C ° mP ° Und * fo ™ la 
UX^c^ - polymer defined above, and 

Sllm^ * arming a pattern, comprising the steps of applying the 

to high energy radiation or elect™ ad^^^ ' ,r6atin9 *' a " d e W *• colting 

developing the coating with a developer " P^oto-masK; opt.onally heat treating the exposed coating, and 
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[0014] The ester compound of formula (1) and the polymer comprising units of formula (1a) employ an exo-form 
2-alkylbicyclo[2.2.1 ]heptan-2-yl group or derivative thereof as the acid-eliminatable protective group, thereby reducing 
or overcoming the problems including the tert-butoxycarbonyl and tert-buty! groups having tow reactivity with acid as 
well as the 2-tetrahydropyranyl and 1 -ethoxyethyl groups having too high reactivity with acid and low resistance to 
s alkaline developers. 

[0015] The ester compounds of formula (1 ) are broadly classified as alkylcycloalkyl esters. The alkylcycloalkyl esters 
being basically tertiary alkyl esters are free of the drawbacks of excessive acidolysis and ease of dissolution in basic 
developer; when formulated into resist materials, they do not allow for the infinite progress of decomposition between 
exposure and development and film thinning during development; nevertheless, they have higher acidolysis than simple 
io tertiary alkyl esters such as tert-butyl esters. For these reasons, the alkylcycloalkyl esters belong to a relatively satis- 
factory class of acid labile sites. The ester compounds of formula (1) and the polymers comprising units of formula (1a) 
are successful in significantly enhancing acidolysis without compromising the advantages of the alkylcycloalkyl esters. 
The reason is given below. 

[0016] Decomposition reaction of tertiary alkyl esters under acidic conditions proceeds by way of E1 mechanism. 

75 Those esters having a more stable carbocation under transition conditions have a higher rate of reaction and hence, 
a higher rate of decomposition. In the exo-form 2-alkylbicyclo[2.2.1 ]heptan-2-yl esters of formula (1 ), probably because 
of o-participation. a very stable cation is formed as shown by the reaction scheme below and thus the progress of 
reaction is very rapid. This is a reaction inherent to the exo-form compound of formula (1 ). Little or no reaction occurs 
with an isomer or an endo-form compound of the following formula (1 '). The compounds of formulae (1 ) and ( V), which 

20 look alike when expressed in plan structure, have largely different rales of acid decomposition reaction. Accordingly, 
the compound of formula (1), the compound of formula (V), and the compound of formula (1°) expressed with no 
stereostructure taken into account must be recognized, in fact, to be completely different substances (see Y. Yukawa 
Ed., Theory of Organic Chemistry -Reaction-, Kagaku Dojin Publishing, 1974, Chap. 8). 
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[0017] Herein, R 1 to R 13 are as defined above although R 4 to R 13 are omitted for the clarity of description. 
[0018] Because of the above-described mechanisnr the exo-form 2-alkylbicyclo[2.2.1 ]heptan«2-yl esters of formula 
55 (1 ) have an acid decomposition ability that outstandingly surpasses not only simple tertiary alkyl esters, but also alkyl- 
cycloalkyl esters and prior art fused ring-containing alkylcycloalkyl esters having not considered stereochemistry. 
Therefore, the resist composition comprising as a base resin a polymer originating from such inventive compounds 
may be a very high sensitivity resist material as compared with prior art resist materials, as will be later demonstrated 
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in Examples 



large polarity change due to the high hydrophobic nlZT^VL^lZ " T T ^ SuCh advant ages are a 

a very high rigidity that bicyclof2.2. 1 Jheptane ske.eS" po^es ° f *' "* e,iminatable W and 

compositions of the invention may have a hioh rJaZ^T T * the8e exce,lent characteristics, resist 

[0020, Theestercompoundsof*^ f s ^eas we., as high sens^ity 

from the aspect of stereochemistry. In this sense, 77*"*° ™ "* reaC,ion 

pnor art improvement in acid eliminatable groups that 2 ScZ^ ! f * 3 C ° nCeP ' Utteriy diffSrent ,rom »» 
■nvention is clear, distinguishable from th 9 e prL art"^ 
DETAILED DESCRIPTION 

Ester compound 
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ssL. H r a ::scLi^^ r a,ed -< or 

group of 6 to 20 carbon atoms. Illustrative example 2 Vst a oht "r' ° f unsubs ^ aryl 

propyl, isopropyl, n-butyl, sec-butyl, tert-butyl tSamvl n S « ?T ? ed0 cycl,ca,k i" 9 rou P delude methyl, ethyl, 
cyclopentylethyl, cyc.ohexylmethyl, and cydohelSl ^hushsth/o '^P^V. ^bhexyl, cyc.opentylmethyl 
group include phenyl, methylpheny naphthyl X I T* °U" ° f unsub » ajl 

or monova,ent hydrocarbon" group's o»7 o^^ 

include straight, branched or cyclic alkyl groups suc^as SthvTl nv^nr ? ' ^ ^ eXam ? les of *** 
tert-amyl, n-pentyl, n-hexyl, n-octyl, n-nonyl, SSSEf ^-butyl, tert-butyl, 

clopentylbutyl, cyclohexylmethyl, cyclohexylethy ^nSohiSf ^J' c y cl °P en tylm e thyi. cyclopentylethyl, cy- 
wherein some hydrogen atoms ^^S^iXS^ST^ °"" °' ,h6Se ^ 

cyano mercapto.alky.thio, and sulfo groups *iIS^S2S?* ^^bonyl oxo, amino, alkylamino, 
and rs, R 6 and R8 , R6 and R9 _ fl7 J R9 p P a <JJ ^ toed from among F^to Ri3 (for example , a jr of ^ 

may form a ring with the adjacent carbon atorn^) When SeRs fomT, '.f^ R " " d ^ t3ken t0 ^ 
groups of 1 to 15 carbon atoms which may contain a he atom Z / 9 ' *** repreS6m dlvatent Carbon 
groups lor the monovalent hydrocarbon groups lloT h Z™2 T f ' exem P' ified * tne ^ove exemplary 
which are attached ,o adjacent carbon aL^S^^ 5 ^ tTJT^J**"""* »» ° f R4 ,0 R ^ 
(wrthout any intervening atom) bond together <2ZZZ£Z2 ' " ** " ' ** * "* R8) *«* 
LopJpy,, carbon atom, for examp.e, methy,, ethyl, propy,, 
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[0025] The ester compounds of the invention can be prepared, for example, by the following procedure although the 
30 invention is not limited thereto. 
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1st step 
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2nd step 
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3rd step 



30 



35 



40 



45 



SO 



55 




R 2 R« 
I I 
HC=C 

coa 



R 2 R 1 




(X) 

l ? 2 ? , H ?I e oa R1 10 38 d8fined 3b0Ve althou 9 h * 10 R13 are ^ed for the brevity of description FP is 

^entrcai w,th R3sxcep, that one hydrogen atom is eliminated from the carbon at the bond posL M SrTsel a 
metal HX an acid. OH a base, [O] an oxidizing agent, and [H] a reducing agent represents a 

[0027] The first step is to effect nucleophilic addition reaction to the carbonyi of a bicyciof2 2 1]heotan-2-one or 
derivative thereof to convert l into an endo-form alcohol. .Ilustrative of this step are MgS^SSS^SZ 

treL3onr ium l ,r pounds H a,thou9h the reac,ion invoived in ^ *<« ^zz**^^ 

takes place under well-known cond.tions. Reaction is preferably carried out by mixing the reactants- a ketone rnm^nZ 

TWIT'S: a 7 halide w : th the metal M such as ma ^~ » ^^s^ a ^^ssz 

or diethyl ether and heating or cooling the reaction mixture if desired wranyaroiuran 
[0028] It is noted that only the endo-form alcohol yields from the first step and that the following isomerization sten 
IrZnTZl t0 ° b,a ' n ™ eX °- f ° rm alCOh01 ,r0m ***** ,he end ester is produced ,somerizaton «ep 

[0029] The second step is to convert the endo-form alcohol from the first step into an exo-form alcohol Some ill us 

^JEE?,? "'TIT S6COnd St6P inCludS (a) re P tecement rea « ion accompai by ste eoive s on 
721 h y a '^" hydr ° lySiS ° r decom P° s » ion j n alkalKontaining solvent: (b) dehydration an* aS on 
dlhvlt h 6 reSU ; in9 0,efir1, f0 " 0Wed by a,ka " hydr ° lysis ° r ^position in alka containing slenr and C ) 
dehydration and epoxid.zat.on of the resulting olefin, followed by reductf/e cleavage of epoxy Bea*™Z\*m£l 
place under well-known conditions, with the detail condttions for the respective p^JSSiJoXlTS^ 
non, lmiling e , of the acjd HX jnc|ude ^ ^ ^ J^J^JJ^J 

y f dr °' 0diC add ' and SU ' fUriC aCid * and ° r9anic acids such as fo ™ acid, acetic at 3« 2 
benzoic acid, chloroformic acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid fluoroaStic acta d SuorS 
acetic ac,d, trifluoroacetic acid, and 3,3,3-,rlfluoro P ro P ionic acid. Illustrative, non^^ZSTS^bTSJ 
include morgan.chydrox.des such as sodium hydroxide, lithium hydroxide, potassium hydroxide and ba ium hvdrox7de 
bonT'r 3 TT T •° d,Um Carb ° na,e - S ° diUm hydr ° 9en Carb °" ate - 'ithium'carnatran^ ££22^. 
w£. I' IT** SU T:t S ° diUm m9thOXid6 ' S ° diUm 9th0Xid6 ' lithium ™ thoxid ^ "Mum ethoxide IZm tert- 
m ^ P ?,f SS ' Um tert - bUtOX,de ' and or 9 anic ba «= such as diethylamine, triethy.amine, tri-n-butylamin™ and 
d.methylan.l.ne. Illustrative, non-limiting examples of the oxidizing agent [O] include peracids such as oZZZ \hh 
peracetic acid, trffluoroperacetic acid, and mchloroperbenzoic acid, and J^SZ^S^S 
thvl dioxirane. and tert-butyl hydroperoxide. It is noted that when reaction's effected using the Sing a^ a mTtai 
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10 



salt may be co-present as a catalyst. Illustrative, non-limiting examples of the reducing agent [H] include metal hydrides 
such as boran, alkylboran, dialkyiboran. dial kylsi lane, trialkylsilane. sodium hydride, lithium hydride, potassium hydride, 
and calcium hydride; complex hydride salts such as lithium boron hydride, sodium boron hydride, calcium boron hydride, 
lithium aluminum hydride, and sodium aluminum hydride; alkoxy complex hydride salts such as lithium trimethoxyaiu- 
minum hydride, lithium diethoxyaluminum hydride, lithium tri-tert-butoxyaluminum hydride, RED-AL, and sodium tri- 
methoxyborohydride; and alkyl complex hydride salts such as lithium triethylborohydride, K-Selectride, and L-Selec- 
tride. 

[0030] The third step is to esterify the exo-form alcohol. Reaction readily takes place under well-known conditions. 
Reaction is preferably carried out by successively or simultaneously adding the reactants: the exo-form alcohol, a 
carboxylic acid halide (e.g., acrylic acid chloride or methacrylic acid chloride), and a base (e.g., triethylamine) in a 
solvent such as methylene chloride and cooling the reaction mixture if desired. 



75 



Polymer 



[0031] In the second aspect, the invention provides a polymer or high molecular weight compound comprising units 
of the following general formula (1a) which are obtained using the ester compound of formula (1 ) as a monomer and 
having a weight average molecular weight of 1 ,000 to 500,000, preferably 5,000 to 100,000. 



20 



25 



30 




(la) 



Herein, R 1 to R 13 are as defined above. The formula also represents an enantiomer. 

[0032] ' The polymer of the invention may further comprise recurring units of at least one type selected from recurring 
35 units of the following general formulae (2a) to (13a) which are obtained using monomers of the following general 
formulae (2) to (13). 
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CH CH 
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(6a) (7a) 



' " ' ^ / i r \ CH? /- , r r cH ^-? HC C-ch ; ^ 



CH CH 

/ \ 



^ ; / ■ k "X-CH 2 ^ CH fc HC^ _CH HC^ 

-C— c— R « C— C'— R» R^c— ^_ R " B^VZZ- tlT^ 



1 COjR* 5 H C0 2 R» 
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R 37 

-CH. 
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R 27 

-CH 2 1: _ 



(12a) 



R 27 

_CH 2 



-(OR 26 ), 



(R 28 )> (OH) y 

(13a) 
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[0033] In the above formulae, k is equal to 0 or 1 . Then formulae (6a) to (9a) may also be represented by the following 
formulae (6a-1) to (9a-2). 
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H H 
C C 

/ \ 

H C-^„ U ^CH 



H H 



C R 2 * 



R 22 R 23 

(7a-l) 



/ \ 



H C0 2 tf* 

(8a-l) 



H H 

__c— c— 

R 2 -C C- R' 



H COjR 26 
(9a-l) 
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HH HH HH HH 

Y"CH 2 / v CH 2 / \^CH 2 t \^ CH 2 j 

CH CH CH CH CH CH CH CH 

/ \ / \ / \ / \ 

. HC <-CH 2 -/ CH HC ^CH 2 -> CH ^CH^™ HC \^CH 2 ^ CH 

R is J c c— R» 9 R 21 -C C— R 24 R 2 -C C— R l R 2 -C C- F 



R 22 R 23 H C0 2 R s H C02R 26 
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(6a-2) (7a-2) (8a-2) <9a-2) 



[0034] Herein, R 1 and R 2 are as defined above. R 15 is hydrogen or a monovalent hydrocarbon group of 1 to 15 
so carbon atoms having a carboxyl or hydroxyl group, for example, carboxyethyl, carboxybutyl, carooxycyclopentyl car- 
boxy eye lohexy I, carboxynorbornyl, carboxyadamantyl, hydroxyethyL hydroxybutyl, hydroxycyclopentyl, hydroxycy- 
clohexyl, hydroxynorbomyl, or hydroxyadamantyl. At least one of R 16 to R 19 is hydrogen or a monovalent hydrocarbon 
. group of 1 to 1 5 carbon atoms having a carboxyl or hydroxyl group, while the remaining R's are independently hydrogen 
. or straight, branched or cyclic alkyl groups of 1 to 15 carbon atoms. Examples of the carboxyl or hydroxyl-bearing 
55 monovalent hydrocarbon group of 1 to 15 carbon atoms include carboxy, carboxy methyl, carboxyethyl, carboxybutyl, 
hydroxy methyl, hydroxyethyl, hydroxybutyl, 2-carboxyethoxycarbonyi, 4-carboxybutoxycarbonyl, 2-hydroxyethoxycar- 
bonyl, 4-hydroxybutoxycarbonyl, carboxycyclopentyloxycarbonyl, carboxycyclohexyloxycarbonyl, carboxynorbomy- 
loxycarbonyl, carboxyadamantyloxycarbonyl, hydroxycyclopentyloxycarbonyl, hydroxycyclohexyloxycarbonyl, hydrox- 
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Examples of the carboxyl or hyd^SS dLS^S ° rCyC " C a ' ky ' ene 9f ° UpS ° f 1 ,0 15 carbon atoms - 
exemplified as the carboxyl or Sxv ^ ? 9r ° UP 01 1 ,0 15 Carbon atoms includ e the groups 
therefrom. Examples JS s. S TraShS o^c^.^^ ? ^ ^ atom el « 

S,e .loxoo^ Sj" J— -tain|n g a -CCy partial structure, for 

and S-methyl-2-oxooxolan 5-yl At Iw^^SuJSS *^«- a «« n ^«. 2-oxo-1,3-dioxolan-4-ylmethyl, 
containing a -CO r partial J^S^JnlZ^l mo ™ vale "< hydrocarbon group of 2 to 15 carbon atoms 
alky, groups of i to 15 carbon atoms £S2 ^ mL™ T ° r Strai9ht ' branched or c ^ 

a -C0 2 - partia. structure hoST^S^^ 

2-oxooxan.4-yloxycarbonyl 2-oxo-l 3-dioxolan I w22 4 ^ dir " eth y | -2-oxooxolan-3-yloxycarbonyl, 4-methyl- 
Examples of theLight, branded r ^ 

R* to R24, , aken togetner may foim a rina 3S a tl '° 1 5 , ? arbon a,oms are ,he sam e as exemplified for R'< 
group of i to 15 carbon atoms conta^inoT co T ? ' * ' eaSt ° nS ° f ,0 R24 is a divalent hydrocarbon 
branched or cyc.ic a.kylene groupf ^ ^ SjSS.STS T Tr*'™ 9 ^ ^ inde P ende ^ strafght. 
carbon, atoms containing a Co' paiiS sfru^S' ?TT h ^ r0ca ^ ^ « 1 to 15 

1.3-diyl. 1^xo-2^abutane0.44,^d 1 T^lz^^ZT^T^ 1 

monovalent hydrocarbon group con ahing aT L^aUwT ' £ 35 W6 " 38 the 9r ° UpS «""P'K<* as the 
Examp.es of the straight, branched X c a-Sne^up " to 15 aZ 2 dro9-n , 3 r e ' imin3,ed ,here,r ° m - 
for Ri«, with one hydrogen atom eliminated therefrom " 3t ° mS ' nC ' Ude the 9rOUps ^emplffied 

Ka^r^ 

letter k is equal to 0 or 1 , Ld x X!^lJL^SSE T, Ti T'^ °' WhWl m 35 eX6m P lified for ™* 
s 3, and 1 <c y +2 . V 6 ' ntegerS °' 0 1o 3 ' P referab, V 0 to 2, satisfying x +y+2 <; 5 . preferably x +y+ z 

each have 1 to 6 carbo'n atoms, and «W gtu^' SS^Si^ ^ tria,kylSi,yl ^ 3 ' ky,S 



^ o 



-C OR —ICHj),-^ qrM 



U4) (15) 



Sab,yTo^ 

cyclohexyl, 2-ethy.hexyl. and n-octyl I R* £ a monoC'a2hSS ' MrM,ut * 
10 carbon atoms which may hSea hetero atom such « = °° ^ * 1 t0 18 carb ° n *oms, preferably 1 to 

alky, groups, in which some hydrogen atoms 7"! T" ** ^'S' Strai 9 ht " brancned ° r 

i-ustrative of the R 31 group are th ^ C^S^"* ^ °' ^ ^ 
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[0039] A pair of R 29 ad R 30 , R 29 and R 31 , or R 30 and R 3 \ taken together, may form a ring. R 29 R 30 and R 31 each 
represent straight or branched alkylene groups of t to 18 carbon atoms, preferably 1 to 10 carbon atoms when they 
form a ring. 

[0040] R 32 is a tertiary alkyl group of 4 to 20 carbon atoms, preferably 4 to 1 S carbon atoms, trialky Isilyl group whose 
alkyls each have 1 to 6 carbon atoms, oxoalkyl group of 4 to 20 carbon atoms, or group of above formula (14). Letter 
a is an integer of 0 to 6. 

[0041] Exemplary tertiary alkyl groups include tert-butyl, tert-amyl, 1,1-diethylpropyl, 1-ethylcyclopentyl : 1-butylcy- 
clopentyl, 1-ethylcyclohexyl, 1 -butylcyclohexyl, 1 -ethyl-2-cyclopentenyl, 1-ethyl-2-cyclohexenyl, and 2-methyl-2-ada- 
mantyl. Exemplary trialkylsilyl groups are those whose alkyl groups each have 1 to 6 carbon atoms, such astrimeth- 
ylsilyl, triethylsilyl and dimethyl-tert-buty Isilyl. Examples of oxoalkyl groups include 3-oxocyclohexyl, 2-oxooxan-4-yl, 
and 4-methyl-2-oxooxolan-4-yl. 

[0042] Of the acid labile groups of formula (14), straight and branched groups are illustrated below. 
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[0043] Of the acid labile groups of formula (14), cyclic groups are illustrated below. 
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blended in resist compositions. * rt may ° XGrt the pre,erred Performance when 

[0046] In addition to (i) the monomer of formula f 1 ) and in\ the m«n„ m «r - 

polymer of the invention may have copolymeTzed therewith i I a Z <* formulae (2) to (13), the 

bond other than (i) and (ii) Examples^ ZaHm^Tl^ T^"™ ^ 3 carb ^°^on double 

methy, methacrya e. methySata dimethyl SS^TT' 0 ? ^ SUbstttuted acr V |ic «* esters such as 

[0047] The polymers of the invention may contain e.g. 
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trophilic compounds. Reaction conditions outside the described range may be employed if desired. 
[0052] For coordination polymerization, preferred reaction conditions include (a) a solvent selected from among hy- 
drocarbons such as n-heptane and toluene, (b) a catalyst selected from Ziegler-Natta catalysts comprising a transition 
metal (e.g., titanium) and alkylaluminum, Phillips catalysts of metal oxides having chromium or nickel compounds 
s carried thereon, and olefin-metathesis mixed catalysts as typified by tungsten and rhenium mixed catalysts, (c) a tem- 
perature of about 0°C to about 100°C, and (d) a time of about 1/2 hour to about 46 hours. Reaction conditions outside 
the described range may be employed if desired. 

Resist composition 

10 

[0053] Since the polymer of the invention is useful as the base polymer of a resist composition, the other aspect of 
the invention provides a resist composition comprising the polymer Specifically, the resist composition is defined as 
comprising the polymer, a photoacid generator, and an organic solvent. 

15 Photoacid generator 

[0054] The photoacid generator is a compound capable of generating an acid upon exposure to high energy radiation 
or electron beams and includes the following: 

20 (j) onium salts of the formula (P1a-1), (Pla-2) or (Plb), 

(ii) diazomethane derivatives of the formula (P2), 

(iii) glyoxime derivatives of the formula (P3), 

(iv) bissulfone derivatives of the formula (P4), 

(v) sulfonic acid esters of N -hydroxy imide compounds of the formula (P5), 
25 (vi) j}-ketosulfonic acid derivatives, 

(vii) d is u If one derivatives, 

(viii) nitrobenzylsulfonate derivatives, and 
* (ix) sulfonate derivatives. 

tffi' 

30 [0055] These photoacid generators are described in detail, 
(ifbnium salts of formula (P1a-1), (P1a-2) or (P1b): 
[0056] 



iioia_| pioiD 

K' 

Pla-1 Pla-2 

[0057] Herein, R 101a , , R 101b , and R 101c independently represent straight, branched or cyclic alkyl, alkenyl, oxoalkyl 
45 or oxoalkenyl groups ol 1 to 1 2 carbon atoms, aryl groups of 6 to 20 carbon atoms, or aralkyl or aryloxoalkyl groups 
of 7 to 1 2 carbon atoms, wherein some or all of the hydrogen atoms may be replaced by alkoxy or other groups. Also, 
pioib anC j rioic j ta k en together, may form a ring. R 101b and R 101c each are alkylene groups of 1 to 6 carbon atoms 
when they form a ring. K* is a non-nucleophilic counter ion. 

[0058] R 101a , , R 101b , and R 101c may be the same or different and are illustrated below. Exemplary alkyl groups 
so include methyl, ethyl, propyl, isopropyi; n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyciopropylmethyl, 4-methylcyclohexyl, cyclohexylmethyl, norbornyl, and adamantyl. Exemplary alkenyl 
groups include vinyl, allyl, propenyl, butenyl, hexenyl, and cyciohexenyl. Exemplary oxoalkyl groups include 2-oxocy- 
clopentyi and 2-oxocyclohexyl as well as 2-oxopropyl, 2-cyclopentyl-2-oxoethyl, 2-cyclohexyl-2-oxoethyl, and 2- 
(4-methylcyclohexyl)-2-oxoethyl. Exemplary aryl groups include phenyl and naphthyl; alkoxyphenyl groups such as p- 
55 methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl : ethoxyphenyl, p-tert-butoxy phenyl, and m-tert-butoxy phenyl; 
alkylphenyl groups such as 2-methylphenyl, 3-methyiphenyl. 4-methylphenyl, ethylphenyl, 4-tert-butyiphenyl, 4-butyl- 
phenyt, and dimethylphenyl; alkylnaphthyl groups such as methylnaphthyl and ethylnaphthyl; alkoxynaphthyl groups 
such as methoxynaphthyl and ethoxynaphthyi; dialkylnaphthyl groups such as dimethylnaphthyl and diethylnaphthyl; 
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[0060] mustrative of the groups represent to^^^^T,^™ 0 C0UnlBr ^ 
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are the same as exemplified tor formutae 7^ lnT^2) ^ °' M ' '° n re ? res ^ by K- 



(ii) Diazomethane derivatives of formula (P2) 
[0061] 
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atoms. ryi 9rou P s of 6 10 20 carbon atoms, or aralkyl groups of 7 to 1 2 carbon 

[0063] Of the groups represented by Ri°s and Ri°6 f.yp mn i = „, ■ 

n-butyi, sec-butyl, tert-butyl, pentyl. hexyl, oeM^ ^ e,hyl ' P*** isopropyl, 

amantyl. Exemplary halogenated alkyl gLps mZ^^T?, TJ*"* c V c,oh *M ^bomyl, and ad- 
afluorobutyl. Exemplary aryl groups LudephS^^^^ 
■ o-methoxyphenyl, ethoxyphenyl, p-tert-butowphenvl id 

2-methy.pheny., 3-methylphenyl, 4-methyS ^1^ ^ *" *™» s " ch » 

Exemplary halogenated aryl groups include A +W»~* *« dimethylphenyl. 

aralkyl groups include benzyl and phenethyl r ' UOr ° Phenyl ' chtora P"enyl, and 1,2.3,4,5-pentafluoropheny.. Exemplary 



(iii) Glyoxime derivatives of formula (P3) 
[0064] 
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[0065] Herein, R 107 T R 108 , and R 109 independently represent straight, branched or cyclic alkyl or halogenated alkyl 
groups of 1 to 1 2 carbon atoms, aryl or halogenated aryl groups of 6 to 20 carbon atoms, or aralkyl groups of 7 to 1 2 
carbon atoms. Also, R 108 and R 109 , taken together, may form a ring. R 106 and R 109 each are straight or branched 
alkylene groups of 1 to 6 carbon atoms when they form a ring. 

[0066] Illustrative examples of the alkyl, halogenated alkyl, aryl, halogenated aryl, and aralkyl groups represented 
by R 107 , R 108 , and R 109 are the same as exemplified for R 105 and R 106 . Examples of the alkylene groups represented 
by R 108 and R 109 include methylene, ethylene, propylene, butylene, and hexylene. 

(iv) Bissulfone derivatives of formula (P4) 

[0067] 



o o 

R ioia_!_CH 2 -!_ R i°ib 




[0068] Herein, R 10lQ and R 101b are as defined above. 

(v) Sulfonic acid esters of N-hydroxyimide compounds of formula (P5) 

[0069] 



[0070] Herein, R 110 is an arylene group of 6 to 1 0 carbon atoms, alkylene group of 1 to 6 carbon atoms, or alkenylene 
group of 2 to 6 carbon atoms wherein some or all of the hydrogen atoms may be replaced by straight or branched alkyl 
or alkoxy groups of 1 to 4 carbon atoms, nitro, acetyl, or phenyl groups. R 111 is a straight, branched or cyclic alkyl 
group of 1 to 8 carbon atoms, alkenyl, alkoxyalkyl, phenyl or naphthyl group wherein some or all of the hydrogen atoms 
may be replaced by alkyl or alkoxy groups of 1 to 4 carbon atoms, phenyl groups (which may have substituted thereon 
an alkyl or alkoxy of 1 to 4 carbon atoms, nitro, or acetyl group), hetero-aromatic groups of 3 to 5 carbon atoms, or 
chlorine or fluorine atoms. 

[0071] Of the groups represented by R 110 , exemplary arylene groups include 1,2-phenylene and 1 ,S-naphthylene; 
exemplary alkylene groups include methylene, 1,2-ethylene, 1,3-propylene, 1 ,4-butylene, 1-phenyl-1,2-ethylene : and 
norbornane-2,3-diyl; and exemplary alkenylene groups include 1 ,2-vinylene, 1 -phenyl-1 ,2-vinylene, and 5-norbornene- 
2,3-diyl. Of the groups represented by R 111 , exemplary alkyl groups are as exemplified for R 10la to R 101c ; exemplary 
alkenyl groups include vinyl, 1-propenyl, allyl, 1-butenyl, 3-butenyl, isoprenyl, 1-pentenyl, 3-pentenyl, 4-pentenyl, 
dimethylallyl, 1-hexenyl, 3-hexenyl, 5-hexenyl, 1-heptenyl, 3-heptenyi, 6-heptenyl, and 7-octenyl; and exemplary 
alkoxyalkyl groups include methoxy methyl, ethoxymethyl, propoxymethyl, butoxymethyl, pentyloxy methyl, hexy- 
loxymethyl, heptyloxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl, butoxyethyl, pentyloxyethyl, hexytoxy ethyl, 
methoxypropyl, ethoxypropyl, propoxy propyl butoxypropyl, methoxybutyl, ethoxybutyl, propoxybutyl, methoxypentyl, 
ethoxypentyl, methoxyhexyl, and methoxyheptyl. 

[0072] Of the substituents on these groups, the alkyl groups of 1 to 4 carbon atoms include methyl, ethyl, propyl, 
isopropyl, n-butyl, isobutyl and tert-butyl; the alkoxy groups of 1 to 4 carbon atoms include methoxy, ethoxy, propoxy, 
isopropoxy, n-butoxy, isobutoxy, and tert-butoxy; the phenyl groups which may have substituted thereon an alkyl or 
alkoxy of 1 to 4 carbon atoms, nitro, or acetyl group include phenyl, tolyl, p-tert-butoxyphenyl, p-acetylphenyl and p- 
nitrophenyl; the hetero-aromatic groups of 3 to 5 carbon atoms include pyridyl and furyl. 
[0073] Illustrative examples of the photoacid generator include: 

[0074] onium salts such as diphenyliodonium trifluoromethanesulfonate, (p-tert-butoxyphenyl)phenyliodonium trifluor- 
omethanesulfonate, diphenyliodonium p-toluenesulfonate, (p-tert-butoxyphenyl)phenyliodonium p-toluenesulfonate, 
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clohexylmethyl(2-oxocyclohexyl)sulfonium trifluoromethanesulfonate, (2-norbornyl)methyl(2-oxocylohexyl)sulfonium 
trifluoromethanesulfonate, and 1 ,2'-naphthylcarbonylmethyttetrahydrothiophenium triflate; diazomethane derivatives 
such as bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazometh- 
ane, bis(n-butylsulfonyl)diazomethane, bis(isobutylsulfonyl)diazomethane, bis(sec-butylsulfonyl)diazomethane t bis(n- 

5 propylsulfonyl)diazomethane, bis(isopropylsulfonyl)diazomethane, and bis(tert-butylsuJfonyl)diazomethane; glyoxime 
derivatives such as bis-o-(p-toluenesulfonyl)-a-dimethylglyoxime and bis-o-(n-butanesuifonyl)-a-dimethylglyoxime; 
bissulfone derivatives such as bisnaphthylsulfonylmethane; and sulfonic acid esters 61 N-hydroxyimide compounds 
such as N-hydroxysuccinimide methanesulfonate, N -hydroxys uccinim id e trifluoromethanesulfonate, N-hydroxysuccin- 
imide 1-propanesulfonate, N-hydroxysuccinimide 2-propanesulfonate, N-hydroxysuccinimide 1 -pentanesuifonate, N- 

10 hydroxysuccinimide p-toluenesulfonate, N-hydroxynaphthalimide methanesulfonate, and N-hydroxynaphthalimide 
benzenesulfonate. 

[0077] These photoacid generators may be used singly or in combinations of two or more thereof. Onium salts are 
effective for improving rectangularity, while diazomethane derivatives and glyoxime derivatives are effective for reduc- 
ing standing waves. The combination of an onium salt with a diazomethane or a glyoxime derivative allows for fine 

is adjustment of the profile. 

[0078] The photoacid generator is added in an amount of 0.1 to 15 parts, and especially 0.5 to 8 parts by weight, 
per 100 parts by weight of the base resin (all parts are by weight, hereinafter). Less than 0.1 part of the photoacid 
generator would provide a poor sensitivity whereas more than 1 5 parts of the photoacid generator would lower the rate 
of alkali dissolution to reduce the resolution of resist compositions and also lower the heat resistance because of the 

20 excessive presence of lower molecular weight components. 

Organic solvent 

[0079] The organic solvent used herein may be any organic solvent in which the base resin, photoacid generator, 
2S and other components are soluble. Illustrative, non-limiting, examples of the organic solvent include ketones such as 
cyclohexanone and methyl-2-n-amylketone; alcohols such as 3-methoxybutanol, 3-methyl-3-methoxybutanol, 1-meth- 
oxy-2-propanol, and 1-ethoxy-2-propanol; ethers such as propylene glycol monomethyl ether, ethylene glycol mono- 
methyl ether, propylene glycol monoethyl ether, ethylene glycol monoethyl ether, propylene glycol dimethyl ether, and 
.\ diethylene glycol dimethyl ether; and esters such as propylene glycol monomethyl ether acetate, propylene glycol 
30 monoethyl ether acetate, ethyl lactate, ethyl pyruvate, butyl acetate, methyl 3-methoxypropionate, ethyl 3-ethoxypro- 
■.. .pidnate, tert-butyl acetate, tert-butyl propionate, and propylene glycol mono-tert -butyl ether acetate. These solvents 
may be used alone or in combinations of two or more thereof. Of the above organic solvents, it is recommended to 
use diethylene glycol dimethyl ether and 1 -ethoxy-2-propanol because the photoacid generator serving as one of the 
resist components is most soluble therein, propylene glycol monomethyl ether acetate because it is a safe solvent, or 
3S a mixture thereof. 

[0080] An appropriate amount of the organic solvent used is about 200 to 1 ,000 parts, especially about 400 to 800 
parts by weight per 100 parts by weight of the base resin. 

[0081] To the resist composition of the invention, another polymer other than the polymer of the invention may also 
be added. The other polymers that can be added to the resist composition are, for example, those polymers comprising 
40 units of the following formula (R1) or (R2) and having a weight average molecular weight of about 1,000 to about 
500,000, especially about 5,000 to about 100,000 although the other polymers are not limited thereto. 
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[0082] Herein, R°oi is hydrogen, methyl or CH„CCUR003 R oo2 le? k,^ 

branched or cyclic alkyl group of 1 to 15 carbon Itomf R00A h h * ^ ° r C ° 2H003 R °° 3 is * straight, 

atoms. R004 ls hydrogen Qf g monova|ent nydrocarbon gfoup Qf J {q 
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1 5 carbon atoms having a carboxyl or hydroxy I group. At least one of R 005 to R 008 represents a monovalent hydrocarbon 
group o1 1 to 15 carbon atoms having a carboxyl or hydroxyl group while the remaining R's independently represent 
hydrogen or a straight, branched or cyclic alkyl group of 1 to 1 5 carbon atoms. Alternatively, R 005 to R 008 taken together, 
may form a ring, and in that event, at least one of R 005 to R 008 is a divalent hydrocarbon group of 1 to 15 carbon atoms 

5 having a carboxyl or hydroxyl group, while the remaining R's are independently straight, branched or cyclic alkylene 
groups of 1 to 15 carbon atoms. R 009 is a monovalent hydrocarbon group of 3 to 15 carbon atoms containing a -C0 2 - 
partial structure. At least one of R 010 to R 013 is a monovalent hydrocarbon group of 2 to 15 carbon atoms containing 
a -C0 2 - partial structure, while the remaining R's are independently hydrogen or straight, branched or cyclic alkyl 
groups of 1 to 15 carbon atoms. R 010 to R 013 , taken together, may form a ring, and in that event, at least one of R 010 

w to R 01 3 is a divalent hydrocarbon group of 1 to 1 5 carbon atoms containing a -COg- partial structure, while the remaining 
R's are independently straight, branched or cyclic alkylene groups of 1 to 15 carbon atoms. R 014 is a polycyclic hydro- 
carbon group having 7 to 15 carbon atoms or an alkyl group containing a polycyclic hydrocarbon group. R 015 is an acid 
labile group. R 016 is hydrogen or methyl. R 017 is a straight branched or cyclic alkyl group of 1 to 8 carbon atoms. Letter 
k' is equal to 0 or 1; a1\ a2\ a3\ b1\ b2\ b3\ d\ c2', c3', d1\ d2\ d3\ and e* are numbers from 0 to less than 1, 

is satisfying a1 , +a^'+a3 , +b1 , +b2•+b3 , +c1 , 4<:2 , ^3 , -Ki1 , +d2'+d3 , +e , = 1; f\ g\ h\ i\ and j' are numbers from 0 to less than ■ 
1 , satisfying f+g'+h'+i'+j' = 1 . Illustrative examples of the respective groups are the same as exemplified for R 1 to R 28 . 
[0083] The inventive polymer and the other polymer are preferably blended in a weight ratio from 10:90 to 90:10, 
more preferably from 20: 80 to 80:20. It the blend ratio of the inventive polymer is below this range, the resist composition 
would become poor in some of the desired properties. The properties of the resist composition can be adjusted by 

20 properly changing the blend ratio of the inventive polymer. 

[0084] The polymer is not limited to one type and a mixture of two or more other polymers may be added. The use 
of plural polymers allows for easy adjustment of resist properties. 

Dissolution inhibitor 



[0085] To the resist composition, a dissolution inhibitor may be added. The dissolution inhibitor is' a compound having 
on the molecule at least two phenolic hydroxyl groups : in which an average of from 0 to 100 mol% of all the hydrogen 
atoms on the phenolic hydroxyl groups are replaced with acid labile groups or a compound having on the molecule at 
least one carboxyl group, in which an average of 80 to 100 mol% of ail the hydrogen atoms on the carboxyl groups 
30 - are replaced with acid labile groups, both the compounds having an average molecular weight within a range of 100 
to 1 ,000, and preferably 150 to 800. 

[0086] The degree of substitution of the hydrogen atoms on the phenolic hydroxyl groups or carboxyl groups with 
acid labile groups is on average at least 0 mol%, and preferably at least 30 mol%, of all the phenolic hydroxyl groups 
or carboxyl groups. The upper limit is 100 mol%, and preferably 80 mol%. 
35 [0087] Preferable examples of such compounds having two or more phenolic hydroxyl groups or compounds having 
a carboxyl group include those of formulas (D1 ) to (D1 4) below. 
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such that the molecular weight of the compounds of formula (D8) or (D9) is from 100 to 1 ,000. 
[0089] In the above formulas, suitable examples of R 201 and R 202 include hydrogen, methyl, ethyl, butyl, propyl, 
ethynyl, and cyclohexyl; suitable examples of R 203 include the same groups as for R 201 and R 202 as well as -COOH 
and -CH 2 COOH; suitable examples of R 204 include ethylene, phenylene, carbonyl, sulfonyl. oxygen, and sulfur; suitable 
5 examples of R 205 include methylene as well as the same groups as for R 204 : and suitable examples of R 206 include 
hydrogen, methyl, ethyl, butyl, propyl, ethynyl, cyclohexyl, and hydroxyl-substituted phenyl or naphthyl. 
[0090] Exemplary acid labile groups on the dissolution inhibitor include groups of the following general formula (14) 
or (15), tertiary alkyl groups of 4 to 20 carbon atoms, trialkylsilyl groups in which each of the alkyls has 1 to 6 carbon 
atoms, and oxoalkyl groups of 4 to 20 carbon atoms. 

10 

\\ 

C OR 3t (CH 2 ) a _ C OR 32 

15 j 

R 30 

C14) (15) 

20 

[0091] In these formulas, R^and R 30 are each hydrogen or astraight, branched or cyclic alkyl having 1 to 18 carbon 
atoms; and R 31 is a monovalent hydrocarbon group of 1 to 18 carbon atoms which may contain a heteroatom. A pair 
of R 29 and R 30 , a pair of R 29 and R 31 , or a pair of R 30 and R 31 may together form a ring, with the proviso that R 29 , R 30 , 
and R 31 are each a straight or branched alkylene of 1 to 18 carbon atoms when they form a ring. Also, R 32 is a tertiary 

2S alkyl grpup of 4 to 20 carbon atoms, a trialkysilyl group in which each of the alkyls has 1 to 6 carbon atoms, an oxoalkyl 
group of 4 to 20 carbon atoms, or a group of the formula (14). The letter a is an integer from 0 to 6. 
[0092] The dissolution inhibitor may be formulated in an amount of 0 to 50 parts, preferably 5 to 50 parts, and more 
preferably 10 to 30 parts, per 100 parts of the base resin, and may be used singly or as a mixture of two or more 
thereof. Less than 5 parts of the dissolution inhibitor may fail to yield an improved resolution, whereas the use of more 

30 than 50 parts would lead to thinning of the patterned film, and thus a decline in resolution. 

[0093] The dissolution inhibitor can be synthesized by introducing acid labile groups into a compound having phenolic 
hydroxyl or carboxyl groups in accordance with an organic chemical formulation. 

Basic compound 

35 

[0094] In the resist composition of the invention, a basic compound may be blended. A suitable basic compound 
used herein is a compound capable of suppressing the rate of diffusion when the acid generated by the photoacid 
generator diffuses within the resist film. The inclusion of this type of basic compound holds down the rate of acid 
diffusion within the resist film, resulting in better resolution. In addition, it suppresses changes in sensitivity following 
40 exposure, thus reducing substrate and environment dependence, as well as improving the exposure latitude and the 
pattern profile. 

[0095] Examples of basic compounds include primary, secondary, and tertiary aliphatic amines, mixed amines, ar- 
omatic amines, heterocyclic amines, carboxyl group-bearing nitrogenous compounds, sulfonyl group-bearing nitroge- 
nous compounds, hydroxyl group-bearing nitrogenous compounds, hydroxyphenyl group-bearing nitrogenous com- 

45 pounds, alcoholic nitrogenous compounds, amide derivatives, and imide derivatives. 

[0096] Examples of suitable primary aliphatic amines include ammonia, methylamine, ethyiamine, n-propylamine, 
isopropyiamine, n-butylamine, iso-butylamine, sec-butylamine, tert-butylamine, pentylamine, ten-amylamine, cy- 
clopentylamine, hexyiamine, cyclohexylamine, heptylamine, octylamine, nonylamine, decyiamine, dodecylamine, ce- 
tylamine, methylenediamine, ethyl en ediamine, and tetraethylenepentamine. Examples of suitable secondary aliphatic 

so amines include dimethylamine, diethyiamine, di-n-propylamine, di-iso-propylamine, di-n-butylamine, di-iso-butylamine, 
di-sec-butyiamine, di pentylamine, dicyclopentylamine, dihexylamine, dicyclohexylamine, diheptyiamine, dioctylamine, 
dinonylamine, didecylamine, didodecylamine, dicetylamine, N.N-dimethylmethylenediamine, N.N-dimethylethylenedi- 
amine, and N,N-dimethyltetraethylenepentamine. Examples of suitable tertiary aliphatic amines include trimethyl- 
amine, triethylamine, tri-n-propylamine, tri-iso-propylamine, tri-n-butylamine, tri-iso-butylamine : tri-sec-butylamine, 

55 tripentylamine, tricyciopentylamine, trihexylamine, tricyclohexylamine, triheptylamine, trioctylamine, trinonylamine, tri- 
decylamine, tridodecylamine, tricetylamine, N,N,N\NMetramethylmethylenediamine, N,N,N',N'-tetramethylethylenedi- 
amine, and N,N,N',N'-tetramethyltetraethylenepentamine. 

[0097] Examples of suitable mixed amines include dimethylethylamine, methylethylpropylamine, benzylamine, 
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arives dv « ne ElT ' ^""P^* and dimethylaminopyridine), pyridazine derivatives, pyrimidine deriv- 

SZ^r e :' 3Cridine PhenaZine d « es • i 10-phenanZl de" 

dtivTves denvatives, guan.ne derivatives, guanosine derivatives, uracil derivatrves, and uridine 

K aS^^ ^T^' 9 ? Up - bearin 9 nitr °9 e " ous compound, include aminobenzoic acid, indo.ecar- 
font STh EXamP ' eS ° f SUteble SUlf ° ny ' S^-ring nitrogenous compounds SSUSSJ 

panoM^ 

incT pn^S^ Propi0namid6 ' - b — ide. Suitable imide derives 

[0099] In addition, basic compounds of the following general formulas (B1 ) and (B2) may also be included. 

40 ch,ch 2 o,r»' 0 ) s r». ovavxnwohw- 

N-C^CHpp^O^ L_ CHjCHj0(r ». 0)tR , 1 o 
CHjCHsOiR^OluFl 306 ,!, 

45 Bl B2 

I 0 ! 0 1 SlttSttSZ^ T r pendently s,rai9M - branched or cyc,ic alk ^ es - 

[01 02] The aikyl groups represented by R304 R 305 R 306 R3 09 anH r3io nrofflrakltl k - # 0rt 

preferablv 1 to fi r^rhnn a J me ^ , R preferably have 1 to 20 carbon atoms, more 
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dodecyL tridecyl, cyclopentyl, and cyclohexyl. 

[01 03] Where R 304 and R 305 , R 304 and R 306 , R 305 and R 306 , R 304 with R 30 * and R 306 , and R 309 and R 310 form rings, 
the rings preferably have 1 to 20 carbon atoms, more preferably 1 to 8 carbon atoms, and most preferably 1 to 6 carbon 
atoms, and may have branching alkyl groups of 1 to 6 carbon atoms, and especially 1 to 4 carbon atoms. 

5 . [0104] S, T, and U are each integers from 0 to 20, preferably from 1 to 10, and more preferably from 1 to 8. 

[0105] Illustrative examples of the compounds of formulas (B1) and (B2) include tris{2-(methoxymethoxy)ethyl} 
amine, tris{2-(methoxyethoxy)ethyl}amine, tris[2-{(2-methoxyethoxy)methoxy}ethyl]amine ; tris{2-(2-methoxyethoxy) 
" ethyljamine, tris{2-(1 -methoxyethoxy)ethyl}amine, tris{2-(1 -ethoxyethoxy)ethyl}amine, tris{2-(1 -ethoxypropoxy)ethyl} 
amine, tris[2-{(2-hydroxyethoxy)ethoxy}ethyl]amine, 4,7,13,16,21 ,24-hexaoxa-1 ,10-diazabicyclo[8.8.8]hexacosane, 

to 4,7,13,18-tetraoxa-1,10<iiazabicyclo[B.5.5]eicosane, 1,4,10,1 3-tetraoxa-7,l6-diazabicyclooctadecane, 1-aza- 
. 12-crown-4, 1-aza-15-crown-5, and 1-aza-18-crown-6. Especially preferred basic compounds are tertiary amines, an- 
iline derivatives, pyrrolidine derivatives, pyridine derivatives, quinoline derivatives, amino acid derivatives, hydroxyl 
group-bearing nitrogenous compounds, hydroxyphenyl group-bearing nitrogenous compounds, alcoholic nitrogenous 
compounds, amide derivatives, imide derivatives, tris{2-(methoxymethoxy)ethyl}amine, tris{2-(2-methoxyethoxy)ethyl} 

15 amine, tris[2-{(2-methoxyethoxy)methyl}ethyl]amine, and 1 -aza-1 5-crown-5. 

[0106] The basic compound is preferably formulated in an amount of 0.001 to 10 parts, and especially 0.01 to 1 part, 
per part of the photoacid generator. Less than 0.001 part of the basic compound fails to achieve the desired effects 
thereof, while the use of more than 10 parts would result in too low a sensitivity and resolution. 



20 Other components 



[01 07] In the resist composition, a compound bearing a =C-COOH group in a molecule may be blended. Exemplary, 
non -limiting compounds bearing a a=C-COOH group include one or more compounds selected from Groups I and II 
below. Including this compound improves the PED stability of the resist and ameliorates edge roughness on nitride 
25 film substrates. 



Group I: 

-[0108] Compounds in which some or all of the hydrogen atoms on the phenolic hydroxyl groups of the compounds * 'j| 

30 o£general formulas (A1) to (A10) below have been replaced with -R^-COOH (wherein R 401 is a straight or branched % i .Jf 
alRylene of 1 to 10 carbon atoms), and in which the molar ratio C/(C+D) of phenolic hydroxyl groups (CJ-to ^C-COOH . • J 

- groups (D) in the molecule is from 0.1 to 1 .0, ■ - :V 
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[0109] In these formulas, R 408 is hydrogen or methyl; R 402 and R 403 are each hydrogen or a straight or branched 
alky! or alkenyl of 1 to 8 carbon atoms; R 404 is hydrogen, a straight or branched alkyl or alkenyl of 1 to 8 carbon atoms, 
or a -(R^VCOOR' group (R being hydrogen or -F*Q9-COOH); R 4 °s is -(CH 2 ) r (wherein i is 2 to 10), an arylene of 6 
to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, or a sulfur atom; R 406 is an alkylene of 1 to 10 carbon atoms, 
an arylene of 6 to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, or a sulfur atom; R 407 is hydrogen, a straight 
or branched alkyl or alkenyl of 1 to 8 carbon atoms, or a hydroxyl-substituted phenyl or naphthyl; R^s is a straight or 
branched alkylene of 1 to 10 carbon atoms; R 4 ™ is hydrogen, a straight or branched alkyl or alkenyl of 1 to 6 carbon 
atoms, or a -R^-COOH group; R 411 is a straight or branched alkylene of 1 to 1 0 carbon atoms; the letter j is an integer 
from 0 to 5; u and h are each 0 or 1 ; si, tl, s2, t2 ; s3, t3, s4, and t4 are each numbers which satisfy s1 +!1 = 8, s2+t2 = 
5, s3+t3 = 4, and s4+t4 = S, and are such that each phenyl skeleton has at least one hydroxyl group; ic is a number 
such that the compound of formula (A6) may have a weight average molecular weight of 1 ,000 to 5,000; and X is a 
number such that the compound of formula (A7) may have a weight average molecular weight of 1 ,000 to 10,000. 

Group II: 

[0110] Compounds of general formulas (All) to (A15) below. 
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R 403 
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A15 



[0111] In these formulas, R 402 , R 403 . and R 411 are as defined above; R 412 is hydrogen or hydroxyl; s5 and t5 are 
20 numbers which satisfy s5 > 0, 15 > 0, and s5+t5 = 5; and h' is equal to 0 or 1 . 

[0112] Illustrative, non-limiting examples of the compound bearing a sC-COOH group include compounds of the 
general formulas AI-1 to AI-1 4 and AII-1 to AII-10 below. 




AI-7 AI-8 
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AM3 



R"0— CH 2 COOR- 



AI-14 



30 



\Tim m ^! h6 f p b ° Ve f °T laS ' R " iS hydr ° 9Sn ° r 3 CH2COOH 9roup such that the CH 2 c °OH group accounts for 10 
to 100 mol% of R in each compound, a and k are as defined above. 
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[011 4] The compound bearing a sC-COOH group within the molecule may be used singly or as combinations of two 
20 or more thereof. 

[0115] The compound bearing a ^C-COOH group within the molecule is added in an amount ranging from 0 to 5 
parts, preferably 0.1 to 5 parts, more preferably 0.1 to 3 parts, further preferably 0.1 to 2 parts, per 100 parts of the 
base resin. More than 5 parts of the compound can reduce the resolution of the resist composition. 
[01 1 6] The resist composition of the invention may additionally include an acetylene alcohol derivative for the purpose 
25 of enhancing the shelf stability. Preferred acetylene alcohol derivatives are those having the general formula (S1) or 
(S2) below. 



R 502 

R^'-C^C-C-R 503 

O-(CH 2 0H ? O)yH 

SI 



R S04 p»2 

R 50S — C-C=C-C-R 503 
H(OCH 2 CH2) x -0 O- (CH2CH 2 0) Y H 

S2 
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[0117] In the formulas, R 501 , R 502 , R 503 , R 504 , and R 505 are each hydrogen or a straight, branched, or cyclic alky! of 
1 to 8 carbon atoms; and X and Y are each 0 or a positive number, satisfying 0 < X < 30, 0 < Y < 30, and 0 < X+Y < 40. 
[0118] Preferable examples of the acetylene alcohol derivative include Surfynol 61 , Surfynol 82, Surfynol 1 04, Surfy- 
nol 104E, Surfynol 104H, Surfynol 104A, Surfynol TG, Surfynol PC, Surfynol 440, Surfynol 465, and Surfynol 485 from 
Air Products and Chemicals Inc., and Surfynol E1 004 from Nisshin Chemical Industry K.K. 

[01 1 9] The acetylene alcohol derivative is preferably added in an amount of 0.01 to 2% by weight, and more preferably 
0.02 to 1% by weight, per 100% by weight of the resist composition. Less than 0.01% by weight would be ineffective 
for improving coating characteristics and shelf stability, whereas more than 2% by weight would result in a resist having 
a low resolution. 

[01 20] The resist composition of the invention may include, as an optional ingredient, a surfactant which is commonly 
used for improving the coating characteristics. Optional ingredients may be added in conventional amounts so long as 
this does not compromise the objects of the invention. 

[0121] Nonionic surfactants are preferred, examples of which include. perfluoroalkylpolyoxyethylene ethanols, fluor- 
inated alky I esters, perfluoroalkyiamine oxides, perfluoroalkyl EO-addition products, and fiuorinated organosiloxane 
compounds. Useful surfactants are commercially available under the trade names Florade FC-430 and FC-431 from 
Sumitomo 3M K.K., Surflon S-141 and S-1 45 from Asahi Glass K.K., Unidine DS-401, DS-403and DS-451 from Daikin 
Industry K.K., Megaface F-B151 from Dai-Nippon Ink & Chemicals K.K., and X-70-092 and X-70-093from Shin-Etsu 
Chemical Co., Ltd. Preferred surfactants are Florade FC-430 from Sumitomo 3M K.K. and X-70-093from Shin-Etsu 
Chemical Co., Ltd. 

[0122] Pattern formation using the resist composition of the invention may be carried out by a known lithographic 
technique. For example, the resist composition is applied onto a substrate such as a silicon wafer by spin coating or 
the like to form a resist film having a thickness of 0.5 to 2.0 urn, which is then pre-baked on a hot plate at 60 to 1 50°C 
for 1 to 10 minutes, and preferably at 80 to 120°C for 1 to 5 minutes. A patterning mask having the desired pattern is 
then placed over the resist film, and the film exposed through the mask to an electron beam or to high-energy radiation 
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120-C for 1 to 3 nJTSS^S^i^Sl * ? 1 '° 5 minU,eS ' and pre,erabl V « 80 to 
as a 0.! to 5% (preferably M^S^tSSZ^ d8Ve '° Per an adueous a,kali «**»". such 

a conventional method such as dtZ^ (TMAH »' this bein9 done b * 

minutes. These steps result i Uhe E2£^S?h T 9 ° f 3 Pen0d ° f 01 to 3 minutes - and Preferably 0.5 to 2 
radiation that may beTsed ^.STS^ISi^^" ^ SUbS,ra,e - 01 the Vari0US * pes of 
particular, deep-UV rays ha^.^STw^T^ * *" ^ j " 

fhemsLeTto^^ 

having excel.en, sensitivity. resoSo TSSi^Z£S^!l^ * radia,ion and 

exposure wavelength of an ArF or UFtoEJST^ c ' a1 ^ because of *e minimized absorption at the 
substrate could easily be formed V pattem havi " 9 sidewalls Perpendicular to the 

EXAMPLE 

E FiTdllrl? inVen,i ° n 9iV6n be ' 0W by ^ of "'^ratlon and not by way of limrtation 

Synthetic Example 1-1 
Synthesis of Monomer 1 

£2 a?Sf!SS ZSSr 1 1485 9 h of ethyl bromide - Beiow 60 ° c ' «■ reactoi - 

temperature. tSO.O g of ^^iZZ ^ ^ 2 h °- « — 

which was kept below S5°C After aaiL«Z^, !f added.dropw.se over 45 minutes to the reaction mbrture 
worked up in I .conventual manne ^ZETSS"™ f -om temperature, the reaction solution was 
tricyc.o [ 5. 2 ,.0 2 .e ) decan-8.,inen d ^ 

^Ja^^^ in endo-form. To the so- 

for 6 hours while removing Sr ^s J^^^Tr f TeaCtl ° n miXtUrS ^ heated ' a9i,ated under 
J* by silica ge, coJn *-£3S2l^ 

^"j^jss; sitss 9 of ** b ^^ to ^s so . 

subjectedtoconventional^^ was a ^d for 12 hours at 4'C and 

purification. aiment, oota.nmg an o,ly substance. Th.s was used in the subsequent reaction without ■ 

SSL » - - ^ethy, ether. With stirring, this 

ice cooling. The reaction'mixture wa agSfo a^aSTT^ ^ ° f ether UndBr 

post-treatment. The resulting oily substance I II °T T t9mDera,ure and sub i 8c, ed to conventional 
« decan-8-o. in exo-form. The yield is eg 5 % VBCUUm ' ° bta,ning 102 4 9 0f 8-ethyltrioyo.o(5.2.1.0"] 

Eirr^ 9 ? e-ethy ft r,cyc.o [5 .2,.oa.e ]decan . 8 . ol ln exo , orm . 

under ice coo.ing. 9 The reS^ 

conventional post-treatment The iZtaoi 522 T S at ro ° m tem P eratu 'e and subjected to 

[0132] TOR 2951. 2854, ,7,3, ,627, ,4*3, ,32,, ,304, „ 82, , , 57 ' 
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Synthetic Example 1-2 
Synthesis of Monomer 2 

s [01 33] By following the same procedure as above : 8-isopropyltricyclo[5.2. 1 .O^Jdecan-S-yl methacrylate in exo-form, 
designated Monomer 2, was synthesized from tricyclof5.2.1.0 2 - 5 ]decan-8-one. 

[0134] 1 H-NMR (CDCI 3 , 270 MHz): 5 0.97 (d, 3H), 1.06 (d, 3H), 0.85-1.45 (6H, m), 1.60-2.10 (10H, m), 2.22 (dd, 
' 1 H), 3.02 (m, 1 H), 5.45 (m. 1 H), 5.99 (m, 1 H) 

[0135] FT-IR: 2956, 2864, 1713, 1637, 1450, 1319, 1300, 1182, 1157 cm* 1 

10 

Synthetic Example 1-3 
Synthesis of Monomer 3 

is [0136] By following the same procedure as above, 8-methyltricyclo[5.2.1 .0 2 * 6 ]decan-8-yl methacrylate in exo-form, 
designated Monomer 3, was synthesized from tricyclo[5.2. 1 .0 2 - B ]decan-8-one. 

[0137] 1 H-NMR (CDCI3, 270 MHz): 5 0.85-1 .05 (m, 2H), 1 .21 (m, 1 H), 1 .30 (dd, 1 H) : 1 .35 (m, 1 H), 1 .46 (m, 1 H), 1 .56 

(s, 3H), 1.60-2.15 (m, 10H), 2.39 (m, 1H), 5.46 (m, 1H), 5.99 (m, 1H) 

[0138] FT-IR: 2949, 2864, 1711, 1637, 1450, 1331, 1303, 1174, 1151, 1054 cm-" 1 

20 

Synthetic Example 1-4 
Synthesis of Monomer 4 

2B [0139] By following the same procedure as above, 2-ethylbicyclo[2.2.1]heptan-2-yl methacrylate in exo-form, des- 
ignated Monomer 4, was synthesized from bicyclo[2.2. 1 ]heptan-2-one. 

[0140] 1 H-NMR (CDCI3, 270 MHz): 80.80 (t, 3H), 1.08 (m, 1H), 1.21 (m, 1H), 1.30-1.60 (2H, m), 1.68,(m, 1H), 1.83 
(m?1H), 1.89(m,3H),2.02(m f 1H), 2.20-2.35 (m, 2H), 2.59 (m, 1 H), 5.46 (m, 1H), 6.01 (m, 1H) V: 
[0141] FT-IR: 2966, 2879, 1713, 1637, 1456, 1327, 1311, 1309, 1167 cm' 1 

30 *i. 

Synthetic Example 1-5 

%• 

Synthesis of Monomer 5 

3S [0142] By following the same procedure as above, 2-isopropylbicyclo[2.2.1]heptan-2-yl methacrylate in exo-form, 
designated Monomer 5, was synthesized from bicyclo[2.2. 1 jheptan-2-one. 

[0143] r H-NMR (CDCI3, 270 MHz): 60.98 (d, 3H), 1.03 (d, 3H), 0.80-1.70 (8H, m), 1.80-2.00 (m, 4H), 2.22 (m, 1H), 
3.19 (m, 1H), 5.45 (m, 1H), 5.98 (m, 1H) 

[0144] FT-IR: 2964, 2873, 1713, 1637, 1454, 1325, 1300, 1174, 1155 cm- 1 

40 

Synthetic Example 1-6 
Synthesis of Monomer 6 

45 [01 45] By following the same procedure as above, 2-ethylbicyclo[2.2. 1 ]heptan-2-yl acrylate in exo-form, designated 
Monomer 6, was synthesized from bicyclo[2.2.1]heptan-2-one. 

[0146] 1 H-NMR(CDCI 3 ,270 MHz): 5 0.80 (t, 3H), 1.06 (m, 1H), 1.20 (m, 1H), 1.30-1.60 (m, 4H), 1.68 (m, 1H), 1.82 

(dq, 1H), 2.01 (m, 1H), 2.22 (m, 1H), 2.51 (dq, 1H), 2.58 (m, 1H), 5.71 (dd, 1H), 6.04 (dd, 1H), 6.29 (m : 1H) 

[0147] FT-IR: 2968, 2879, 1718, 1635, 1620, 1458, 1402, 1288, 1272, 1227, 1200, 1173, 1133, 1115, 1107, 1047cm* 1 

so 

Synthetic Examples 1-7 to 1-16 
Synthesis of Monomers 7 to 18 
55 [0148] Monomers 7 to 18 were synthesized by the same procedure as above. 
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Monomer 13 



Monomer 14 



Monomer 15 
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Monomer 16 



Monomer 17 



Synthetic Example 2-1 
Synthesis of Polymer 1 



* ¥s ¥^m> 



Monomer 18 



TJl*^T«2?£T rm ^ 7 4 9 °! M ° n0mer 1 aPd " 9 ° f 5-methyl-2-oxooxoi a n-5-y, methacrytete 
dissolved, and 1 .3 g of 2,2 -a20b.sraobutyron.tnle added. Afteragitation was continuedfor 1 5 hours at 60»C the reaction 

2 ^XS^lT^rl!" r6SidUe ^ d,SS ° Weti in 80 m ' °' tetrahydrofur a ^ded ro wi s o 
« vacuum at W^orB^LT^ ?! C °" eCt6d by filtration ' with 2 liters ° f "^xane. and dried 

vacuum at 40 C for 6 hours, obta,n,ng 14.4 g of a polymer, designated Polymer 1 . The yield was 62.7%. 

Synthetic Examples 2-2 to 2-56 



s were 



in 



Synthesis of Polymers 2 to Sfi 

[0150] Polymers 2 to 56 were synthesized as in Synthetic Example 2-1 . 



so 



55 



(Polymer 1) 

(b 1=0-30, d=0.70, .Mw=11^00) 
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(Polymer 2) 

(bl=0.30, d=0.70, Mw=U,900) 



(Polymer 3) 

(bl=0-30, d=0.70, Mw=ll,O00) 



(Polymer 7) 

(bl=OJ0, d=0.70, Mw=ll,000) 



H CH 3 H CH; 

Ho=j H 0 =j 



0 N 



H CH 3 H CH 3 

-e-f^ 

Ho»j H 0 =| 



-IMS 

(Polymery 1 , 1 K 
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(Polymer 14) 

(bl=0.30, d=0.70, Mw=l 1,500) 
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(Polymer 20) 

(al=0.20, bl=0J0 ? d=0.60, Mw=10/700) 
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(a 1=0.20, b 1=020, d=0.60, Mw= 10,600) 
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(Polymer 25) 

(al=0.20, bl=0.2Q, d=0.60, Mw=9,800) 
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(Polymer 44) 
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(Polymer 48) 

(d=0.40, h=0.40, i=0.20, Mw=l2,200) 
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[0153] The solvents and basic compounds used are as follows. 



PGMEA: propylene glycol methyl ether acetate 
PG/EL: a mixture of 70% PGMEA and 30% ethyl lactate 
TBA: tributylamine 
TEA: triethanolamlne 
40 TMMEA: trismethoxymethoxyethylamine 

TMEMEA: trismethoxyethoxymethoxyethylamine 

[0154] These resist solutions were spin-coated onto silicon wafers, then baked at 110°C for 90 seconds on a hot 
plate to give resist films having a thickness of 0.5 pm. The resist films were exposed using an ArF excimer laser stepper 
45 (Nikon Corporation; NA 0.55), then baked (PEB) at 110°C for 90 seconds, and developed with a solution of 2.38% 
tetramethylammonium hydroxide in water, thereby giving positive patterns. 

The resulting resist patterns were evaluated as described below. 

so [0155] First the sensitivity (Eth, mJ/cm 2 ) was determined. Next, the optimal dose (sensitivity Eop, mJ/cm 2 ) was 
defined as the dose which provides a 1:1 resolution at the top and bottom of a 0.25 pm line-and-space pattern, and 
the resolution of the resist under evaluation was defined as the minimum line width (pm) of the lines and spaces that 
separated at this dose. The shape of the resolved resist pattern was examined under a scanning electron microscope. 
[0156] The composition and test results of the resist materials are shown in Tables 1 to 5. 
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Comparative Example I 

[0157] Polymers 65 to 72 shown by the chemical formulae below were formulated into resist compositions, which 
were examined for resolution. 

Comparative Examples 1-1 to I-8: Evaluation of resist resolution 

[0158] Resist compositions were similarly prepared using Polymers 65 to 72 and tested as in Example I. 
[0159] The composition and test results of the resist materials are shown in Table 6. 
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Example il 

[0161] Powers 1 to 40 obtained in the above Synthetic Exampies were examined for etching resistance. 
Examples 11-1 to II-40: Evaluation of polymers' etching resistance 

of 1 .0 Mm. The coating was baked on Xpl JnTo^s^lT^ T * ^ ^ to 3 

base gas 0r a fluorine-base gas while the etctngl S^SS^T ^ ™ **" 3 ^ 

[0163] The resurts are shown in Tab.es 7 and 8 while the settings o. the instrument are shown in Tab,e 9. 
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Table 7 (continued) 



Example Example 


Resin Resin 


Solvent Solvent 


Chlorine etching 


Fluorine etching 


II-28 


Polymer 28 (80) 


cyclohexanone (480) 


1800 


1820 


II-29 


Polymer 29 (80) 


cyclohexanone (480) 


1460 


1600 


1 1 -30 


Polymer 30 (80) 


cyclohexanone (480) 


1520 


1640 



Table 8 



Example 


Resin 


Solvent 


Chlorine etching 


Fluorine etching 


11-31 


Polymer 31 (80) 


cyclohexanone (480) 


1500 


1640 


II-32 


Polymer 32 (80) 


cyclohexanone (480) 


1500 


1620 


H-33 


Polymer 33 (80) 


cyclohexanone (480) 


1500 


1620 


II-34 


Polymer 34 (80) 


cyclohexanone (480) 


1780 


1820 


II-35 


Polymer 35 (80) 


cyclohexanone (480) 


1800 


1840 


II-36 


Polymer 36 (80) 


cyclohexanone (480) 


1820 


1840 


II-37 


Polymer 37 (80) 


cyclohexanone (480) 


1660 


1680 


II-38 


Polymer 38 (80) 


cyclohexanone (480) 


1660 


1680 


II-39 


Polymer 39 (80) 


cyclohexanone (480) 


1700 


1720 


II-40 


Polymer 40 (80) 


cyclohexanone (480) 


1680 


1700 


Comparative Example 


polymethyl methacrylate 
(80) 


cyclohexanone (480) 


2500 


. 2250 ' 



30 

—L Table 9: 



Settings of the instrument 




Chlorine etching 


Fluorine etching 


Manufacturer 


Nichiden Anerba K.K. 


Tokyo Electron K.K. 


Model 


L451D 


TE8500 


Gas/flow rate 


CI^O seem 


CHF3/7 seem 


Og/2 seem 


CF 4 /45 seem 


CHFyiSsccm 


O2/20 seem 


BCI 3 /1 00 seem 


Ar/90 seem 


RF power 


300 W 


.600 W 


Pressure 


2 Pa 


60 Pa 


Temperature 


23° C 


-20°C 


Time 


360 sec 


60 sec 



so • 

[0164] It is seen from Tables 7 and 8 that the polymers within the scope of the invention are highly resistant to etching. 
Example III 

55 [0165] Resist compositions were formulated using Polymers 41 to 56 obtained in the above Synthetic Examples and 
. examined for resolution. 
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Examples to 111-40: Evaluation of resist resolution 



[0166] Resist compositions were prepared by using Polymers 41 to 56 or Polymers 73 to 76 shown below as the 
base resin, and dissolving the polymer a photoacid generator (designated as PAG 1 to 8), a dissolution inhibitor (des- 
ignated as DRR 1 to 4), a basic compound, and a compound having a =C-COOH group in the molecule (ACC 1 and 
2) in a solvent containing 0.05% by weight of surfactant Florade FC^30 (Sumitomo 3M) in the combination shown in 
the following Tables. These compositions were each filtered through a 0.2-nm Teflon filter, thereby giving resist solu- 
tions. 



(Polymer 73) H 
(g'=03S, h'=0.65, Mw=r9,60O) \ 




20 



25 



(Polymer 74) 

(g'=0.40, h'=0.40, i=020, Mw=9,400) 



H CH 3 H H H H 



OH 




[0167] These resist solutions were spin-coated onto silicon wafers, then baked at 100°C for 90 seconds on a hot 
plate to give resist films having a thickness of 0.7 pm. The resist films were exposed using an KrF excimer laser stepper 
(Nikon Corporation; NA 0.5), then baked (PEB) at 110°C for 90 seconds, and developed with a solution of 2.38% 
tetramethylammonium hydroxide in water, thereby giving positive patterns. 
[0168] The resulting resist patterns were evaluated as described below. 

[0169] First, the sensitivity (Eth, mJ/cm 2 ) was determined. Next, the optimal dose (sensitivity Eop, mJ/cm 2 ) was 
defined as the dose which provides a 1 :1 resolution at the top and bottom of a 0.30 pm line-and-space pattern, and 
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the resolution of the resist under evaluation was defined as the minimum line width (u>m) of the lines and spaces that 
separated at this dose. The shape of the resolved resist pattern was examined under a scanning electron microscope. 
[0170] The composition and test results of the resist materials are shown in Tables 10 and 11 . 
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5 


Shape 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


10 


Resolulion 


CVJ 
CVJ 

b 


0.22 


0.22 


0.22 


0.22 


0.20 




>* 
















Sensitiv 


CO 


CVI 
CO 


o 

CO 




11.6 


11.4 




c 


O 
o 

CO 


o 

§ 


o 

§ 


o 
o 

CO 


o 
o 

CO 


o 
o 

CD 


20 


Solve 


PGMEA 


PGMEA 


PGMEA 


PGMEA 


PGMEA 


PGMEA 


25 

G3 
C 

c' 
o 
o 

30 M 


Basic compound 


TEA (0.125) . 


TMMEA (0.125) 


TMEMEA (0.125) 


TEA (0.125) 


TEA (0.125) 


TEA (0.125) 


ft : 

Table 10 


Dissolution inhibitor 








DRR 1 (4) 


DRR 2 (4) 


DRR 3 (4) 


40 


Photoacid generator 


CVJ 


CVJ 


CVI 


CM 


CVJ 


CVJ 




PAG 2 


PAG 2 


PAG 2 


PAG 1 


PAG 1 


PAG 1 


45 
















c 


o 

CO 


o 

CO 


o 

GO 


o 

CO 


o 

CO 


o 

CO 


SO 


Base resi 


Polymer 48 


Polymer 48 


Polymer 48 


Polymer 49 


Polymer 49 


Polymer 49 
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5 


Shapo 1 


rectangular 


rectanaular 


reclanqular 


reclanqular 


rectanaular 


rectangular 


rectangular 


rectangular 


rectangular 




c 
o 

3 

o 

0) 
CD 

CC 


0.20 


0.20 


0.20 


0.20 


0.20 


0.22 


0.22 


0.22 


0.22 


10 






















>* 




















15 


1 Sensitiv 


CO 


CM 

b 


b 


G 0L 


o 
b 




m 


m 

CD 


CT> 
CO 


20 


Solvent 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 
























25 


Basic compour 


TEA (0.125) 


TEA (0.125) 


TEA (0.125) 


TBA (0.125) 


TBA (0.1 25) 


, TBA (0.125) 


TBA (0.125) 


TBA (0.125) 


TBA (0.125) 


1 — 

CD 

30 S 
35 


Dissolution inhibitor 


DRR 4 (4) 


ACC 1 (6) 


ACC 2 (6) 
















Pholoacid generator 




















40 


PAG 1 (2) 


PAG 1 (2) 


PAG 1 (2) 


PAG 1 (1) PAG 6 (1 


PAG 1 (1) PAG 6(1 


PAG 7 (2) 


PAG 7 (2) 


PAG 7 (2) 


PAG 7 (2) 


45 
50 


Base resin 


Polymer 49 (80) 


Polymer 51 (80) 


Polymer 51 (80) 


Polymer 54 (80) 


Polymer 55 (80) 


Polymer 47 (40) Polymer 73 
(40) 


Polymer 47 (40) Polymer 74 
(40) 


Polymer 47 (40) Polymer 75 
(40) 


Polymer 47 (40) Polymer 76 
(40) 


55 


CD 






















ExampI 


II I -32 


CO 

cp 


II I -34 


IH-35 


II I -36 


HI-37 


III-38 


III-39 


III-40 
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Comparative Example li 

[0171] Polymers 73 to 76 shown by the chemical formulae above were formulated into resist compositions, which 
were examined for resolution. 
5 [0172] Comparative Examples 11-1 to 1 1 -4: Evaluation of resist resolution 

[0173] Resist compositions were similarly prepared using Polymers 73 to 76 and tested as in Example lii. 
[0174] The composition and test results of the resist materials are shown in Table 12. 
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[0175] It is seen from Tables 10 to 12 that the exo-form 2-alkylbicyclo[2.2.1]heptan-2-yl ester sites within the scope 
of the invention are highly reactive as compared with prior art acid-decomposing sites and enabled resist materials 
having a higher sensitivity and resolution than prior art resist materials. 

[0176] Japanese Patent Application Nos. 10-312533 and 11-075355 are incorporated herein by reference. 
[01 77] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practised otherwise 
than as described in the examples. 



io Claims 

1 . An ester compound of the following general formula (1 ): 



75 



20 



26 



R 2 R ! 

i_i 

HC=C 



R 10 

R n 

Tr 3 c r* 



30 



35 



wherein R 1 is hydrogen, methyl or 0H 2 CO 2 R 14 ; R 2 is hydrogen, methyl or C0 2 R 14 ; R 3 is a straight, branched or 
cyclic aikyi group of 1 to 8 carbon atoms or a substituted or unsubstituted aryl group of 6 to 20 carbon atoms; R 4 
to R 13 each are hydrogen or a monovalent hydrocarbon group of 1 to 1 5 carbon atoms which may contain a hetero 
atom and R 4 to R 13 , taken together, may form a ring, and when they form a ring, they represent divalent hydrocarbon 
groups of 1 to 1 5 carbon atoms which may contain a hetero atom, or two of R 4 to R 1 3 which are attached to adjacent 
carbon atoms may directly bond together to form a double bond; and R 14 is a straight, branched or cyclic alkyl of 
1 to 1 5 carbon atoms, with the proviso that the formula also represents an enantiomer. 

2. A polymer comprising units of an ester compound of the following general formula (1a): 



40 



R 2 R 1 

i i 

CH C- 



45 



\ 



(la) 



/LC. /Lrt 



SO 



R 7 



wherein R 1 to R 13 are as defined above, with the proviso that the formula also represents an enantiomer, 
said polymer having a weight average molecular weight of 1 ,000 to 500,000. 

55 3. fhe polymer of claim 2 comprising recurring units of at least one of the following formulae (2a) to (1 3a): 
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f $ * ?' R 2 R> 



C CH c- 



CO* 15 C0 2 R» C0 2 R^ 



(2a) (3a) 



R 2 R 1 



CH c ci 



c- 



CO^R 26 



(4a) ( 5a ) 



75 C C 



20 HC 



4^ ,4^7" 4^ 

CH CH CH CH 1 — - 1 1 < * 1 



/ \ /™\ r~\ / ch - ch \ 



-C R 1 R 2 C C R 1 



55 (6a) (7a) 



<*a) (9a) 



50 



35 



40 



45 



SO 



55 



/ 

i X 



(10a) 




-CH* 



(12a) 



R 27 

-CH 2 _ 0 _ 



"(OR 26 ), 



(OH) y 

(13a) 



^ dSfined ab0V6; R1S iS hydr09en 0r a ™-™alent hydrocarbon group of 1 to 15 carbon 
Son S i?L a h CartS f y ' ° r hydrOXyl 9r0UP; 31 ' eaSt ° ne <* R,S t0 R ' 9 re P res ^ a monovalent hydSon 
sZ rlr^ h ? ri 5 C ° n,ainin9 3 ° f hydr0Xyl 9rou P' and the remai ™9 of H» to Rii > independ- 

y ° r 3 Strai9ht ' branCh6d ° r CydiC a,kyl grou P of 1 - t0 1 5 cart >°" atoms, or R 16 to R« taken 
SI' 0 ™, 9 nn9 WHh the proviso that a1 least ° ne ° f R 16 to R 19 represents a divalent hydrocarbon group 
IJL^ I " ! T 18 C ° nta ' nin9 3 CarbOXy ' ° r hydr0Xyl 9rou P> and me remaini "9 ° f * 16 to R« independently 
oro D of 3* I? 9 ht h bra " Ched ° r «** alk * lene 9 rou P - 1 to 15 carbon atoms; R*> is . maient hy LJbon 

?Z, tlrlli To COntainin9 3 - C ° 2 - Partia ' S,mCtUre; at leas1 one of R21 to R 24 presents a mono- 

«o S 22S2Sr UP ^ !f Carb ° n at ° mS C ° mainin9 9 - C02 - Partial StrUCtUre ' — Remaining of f£ 
Sn to S P t»w , % fK PfeSen hydr ° 9en ° f 3 Straight ' branChed ° r ^ alk V' 9 rolJ P of 1 to 1 5 carbon atoms or 
E£ h " 9 f ' may f0rm 3 rin9 WHh thG prOVis ° ,hat at least one of R21 ° * 24 presents a diva'en 

S B 22Sr up V° 15 carbon aloms containin9 a - c ° 2 - part ^' structurs ' and ,he ° 

PreS f? 8 S,ra ' 9ht branCh6d ° f ^ a ' ky,ene gfOUp ° f 1 to 1 5 ^reon atoms; R« j 8 a polycvcljc 
IHSTf^ 9r ° UP =1° 15 Carb ° n a, ° mS ° r an alky ' 9rOUp staining a polycyclic hydrocarbon group is 

1™ 9f M P; n ' S hydr ° 9en ° r m6thyl; ^ iS 3 Strai9ht ' branched or 5fc 4. group of 1 to 6 cart^ 

atoms, k is equal to 0 or 1 , and x, y and z are integers of 0 to 3. satisfying x +y+2 < 5 and 1 < y + z 
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A method for preparing a polymer comprising effecting radical polymerization, anionic polymerization or coordina- 
tion polymerization between an ester compound of formula (1 ) and another compound having a carbon-to-carbon 
double bond. 

A resist composition comprising the polymer of claim 2 or 3. 

A resist composition comprising the polymer of claim 2 or 3, a photoacid generator, and an organic solvent. 
A method for forming a pattern, comprising the steps of: 

applying the resist composition of claim 5 or 6 onto a substrate to form a coating, 

heat treating the coating and exposing the coating to high energy radiation or electron radiation through a 
photo-mask, 

optionally heat treating the exposed coating, and developing the coating with a developer. 
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